giving a choline-deficient diet supplemented with cystine and the development of this fatty liver is prevented by the administration of choline. Supplementation of the diete with methionine has also been known to have a preventive effect on this fatty liver12>.
Although methionine is an essential amino acid and is required for the growth of animals, many reports have been made of a rather inhibitory action of this amino acid upon growth when given in excess (3) (4) (5) (6) . The growth inhibiting action of methionine is alleviated in the presence of an appropriate amount of glycine or arginine (7,8.9) . Giving glycine in excess, however , has been reported to be rather inhibitory on growth (8, 10, 11) . According to Hsu et al.("), leucine, glutamic acid and aspartic acid also inhibit growth of the chicken when these amino acids are supplied in excess.
It was also indicated in the experiment by Harper et al. (12) that an excess amount of methionine, as referred to above, inhibits growth of animals and causes fatty liver. In view of these data, the present experiment was performed to determine whether the amino acids mentioned above, except for cystine and methionine, also produce fatty livers when they are given in excess, and if they do cause fatty livers, what the effect of supplying other amino acids on this kind of fatty livers is.
METHODS
Albino rats weighing about 90 g were fed on a low-protein and choline deficient basal diet supplemented with a certain amount of an amino acid for 10 days. Glutamic and aspartic acids were used as sodium salts . Composition of the basal diet (Choline-deficient diet) was as follows: It is noted from the table that the level of liver fat was 3.9% when the diet was supplemented with cystine at 0.2% level and given for 10 days, indicating no increase in liver fat by cystine supplementation, and that the level of liver fat was 5.2% when the level of cystine was 0.3%, indicating a definite fatty liver.
When the diet contained cystine at 0.5% and 1.0%, the level of liver fat was 5.5% and 5.6% respectively, indicating fatty liver in either case. Relationship between Amount of AminoAcids given and Level of Liver Fat * Olive Oil at 10% Level increase in liver fat ensues above this limit (14, 15) . In the experiment by Harper et al. (12) , the administration of 0 .6% methionine was shown to cause fatty liver .
Since the amount of liver fat appeared to be seriously influenced by the am ount of methionine given, as mentioned above , the experiment was undertaken to investigate the quantitative relationship between methionine give n and liver fat DL-Methionine was given at 0.5 , 0.7 and 1.0% levels and the amount of liver fat was determined.
As shown in Table 1 , when 0.5% methionine was given the level of liver fat was 3 .2%, that is the normal value , and with 0.7% methionine, liver fat was 4.1% , indicating no definite increase of liver fat as yet . Wi th 1.0%n methionine, however , the level of liver fat was 5.7%, indicating fatty liver. Table 1 , the level of liver fat was 3 .4%, the normal value , when 0 .5% glycine was given . When 1.0% glycine given , the level of liver fat was 4.4%, indicating no definite increase due to glycine as yet. With 2 .0% glycine, h owever, liver fat was 5 .5%, indicating obvious fatty liver and with 3 .0% glycine, liver fat was 6.2%, indicating fatty liver.
In order to see the influence of fat in the diet, the basal diet was supple mented with olive oil at 10% level. When 0.5% glycine was given with this olive oil-diet, the level of liver fat was 5.2%, indicating fatty liver. Since the level of liver fat was 3.4% with 0.5% glycine without fat, as shown above, it follows that the lipotropic action of glycine is greatly influenced by the presence of fat.
e) L-Arginine: It was already reported that the development of fatty liver due to excess amount of methionine is inhibited by the administration of arginine(7.8.9). In view of this, relationship between the amount of arginine given and the level of liver fat was investigated.
The results are shown in Table 1 . When 0.5% arginine was given, the level of liver fat was 3.5%, and when 1.0% arginine given, liver fat was 10.2% indicating marked fatty liver.
When 0.5% arginine was given with olive oil (10%), the level of liver fat was 6.6%, indicating fatty liver. It is resulted from this that relationship between the amount of arginine given and the level of liver fat is also influenced markedly by the presence of fat in the diet. given and the level of liver fat was investigated.
As shown in Table 1 , when leucine was given at the levels of 1.0 and 2.0%, the level of liver fat was 3.7 and 3.3% respectively, the figures being within normal range.
With 3.0% leucine, however, the level of liver fat was 5.2%, indicating fatty liver.
And when 0.5% leucine was given with olive oil (10%), the level of liver fat was 5.2%, indicating fatty liver. In these data, it was shown that the administration of 3.0% leucine definitely causes fatty liver, and that 0.5% leucine with fat also causes fatty liver, indicating that the presence of fat produces a profound effect on relationship between the amount of leucine and the level of liver fat. g) L-Glutamic acid: It was shown in the experiment by Benton et al. (17) that giving glutamic acid inhibits the increase in liver fat upon a low-protein and choline-deficient diet. Sodium L-glutamate was added at 0.5 and 1.0% levels, and the level of liver fat was determined.
As shown in Table 1 , with 0.5% glutamic acid, liver fat was 3.4%, that is the normal value, and with 1.0% glutamic acid, liver fat was 5.2%, indicating fatty liver. When 0.5% glutamic acid was given with olive oil (10%), liver fat was 5.1%, indicating fatty liver.
It is indicated from these data that the minimum level of glutamic acid to cause fatty liver in the absence of fat in the diet was 1.0%, while that in the presence of fat was as low as 0.5%. Thus, sodium DL-aspartate was given at 0.5, 1.0 and 2.0% levels, and the level of liver fat was determined. As shown in Table I , with 0.5% aspartic acid, the level of liver fat was 3.0%, that is the normal value, and with 1.0% aspartic acid, liver fat was 4.0%, indicating no increase in liver fat due to aspartic acid.
When 2.0% aspartic acid was given, however, the level of liver fat was 5.1%, indicating a definite fatty liver. Furthermore , when 0.5% aspartic acid was given with olive oil (10%), the level of liver fat was 5.8%, indicating fatty liver. From these data, it is noted that giving 2.0% aspartic acid causes fatty liver and 0.5% aspartic acid with fat also causes fatty'liver .
Experiment II. Effects of Amino Acids on Amino Acid-Fatty Livers .
In the data of Experiment I , it was shown that L-cystine, DL-methionine, glycine, L-arginine, L-leucine, sodium L-glutamate and sodium DL-aspartate produce fatty livers when they are given at higher than certain levels , and that amino acids except for cystine inhibit the increase of liver fat due to a low protein and choline-deficient diet when these amino acids are given at lower than certain levels. Thus, the influences of other amino acids on amino acid-fatty livers were investigated. The amino acids other than the one which caused the respective fatty liver were given at those levels which were shown in the above experiment to inhibit the increase of liver fat in animals fed on a choline deficient diet.
Since the presence of fat in the diet was shown in Experiment I to inhibit the lipotropic action of amino acids , a fat-free diet was used in this experiment.
a)
L-Cystine-fatty liver: It was shown in Experiment I that the L -cystine fatty liver is produced when the diet contains this amino acid at 0 .3% level and prevented by the administration of choline(1) . Methionine(2,1s) and glycine(ls, 20, 21) which can be transformed into choline are also lipotropic . There fore, in case of the cystine-fatty liver , the influence of amino acids other than methionine and glycine was studied .
The level of liver fat in the cystine-fatty liver observed i n Experiment I was 5.2%. When arginine (0 .5%) was given under these conditions , the level of liver fat became 3.8%, as shown in Table 2 (A) , that is the development of the cystine-fatty liver being inhibited .
Under the same conditions , with leucine (1.0%), the level of liver fat was 3.5%, that is the normal value; with glutamic acid (0 .5%), liver fat was 3 .7%;
and with aspartic acid (0.5%) , liver fat was 3.8%. These data indicate that al' .. Table 2 (A) ; with arginine (0.5%) , however, liver fat was 4.1%, that is the increase in liver fat due to methionine being inhibited. If leucine (1.0%) was
given, the level of liver fat was 9.2%, that is the methionine-fatty liver being aggravated.
And with glutamic acid (0.5%) , liver fat was 8.1%, and with aspartic acid (0.5%), liver fat was 13.1%, that is the methionine-fatty liver being markedly intensified in both cases. Effect of Amino Acids on Amino acid-fatty Livers c) Glycine-fatty liver:
The level of liver fat in the glycine-fatty liver was 6.2%. When leucine (1.0%) given under these conditions, as shown in Table   2 (A), the level of liver fat decreased to 3.7%. With arginine (0.5%), liver fat was 6.5%, that is almost without effect. However, with glutamic acid (0.5%), liver fat was 4.4%, and with aspartic acid (0.5%), liver fat was 4.2%, that is the increase in liver fat being inhibited with these amino acids. d) L-Arginine-fatty liver:
In the arginine-fatty liver, the level of liver fat was 10.2%, indicating severe fatty liver. Glycine (0.5%) was shown to be slightly inhibitory on this fatty liver, the level of liver fat being 7.7% as shown in Table 2(B) . Leucine (1.0%), however, strongly inhibited the arginine-fatty liver, and the level of liver fat in this case decreased to 3.8%. With the administration of glutamic acid (0.5%) , the level of liver fat was 3.9%, and with aspartic acid (0.5%), liver fat was 4.1%, indicating that the increase in liver fat was inhibited in either case. The level of liver fat in the leucine -fatty liver was found to be 5.2%. When glycine (0 .5%) was given, as shown in Table   2 (B), liver fat became 10.0%, and with arginine (0 .5%), liver fat was 10 .6%, indicating that the leucine-fatty liver was aggravated in either ca se. With glutamic acid (0.5%) and aspartic acid (0.5%D) , liver fat in both cases decreased to 3.1%, indicating a marked lipotropic effect of these amino acids .
f) L-Glutamic acid-fatty liver:
The level of liver fat in th e glutamic acid-fatty liver was found to be 5 .2%p. Glycine (0 .5%) given under the same conditions decreased liver fat to 3 .9%, while arginine (0.5%) increased it to 6.7%. With leucine (1 .0%), liver fat was 3.7% , indicating lipotropic effect of this amino acid, and with aspartic acid (0 .5%), liver fat was 4.3%, indicating that fatty liver was decreased . g) DL-Aspartic acid-fatty liver:
The liver fat was 5.1% in the aspartic acid-fatty liver.
Under the same conditions , the administration of glycine (0.5%), arginine (0.5%) and leucine (1 .0%) gave the levels of liver fat of 4.9, 5.2 and 5.3%, respectively , indicating almost no effect of these amino acids.
Glutamic acid (0.5%) , however, decreased liver fat to 3.7%, indicating lipotropic effect of this amino acid . SUMMARY and DISCUSSION (A) Experiment I. 1) L-Cystine caused fatty liver when it was given at the level of more than 0.3%.
2) DL-Methionine given at the level of 0 .5% inhibited the increase in liver fat due to a choline-deficient diet , while 1.0% of this amino acid produced severe fatty liver.
3) Glycine given at the level of 0 .5% inhibited the increase in liver fat due to the choline-deficient diet, while at more than 2 .0% of this amino acid fatty liver developed. When given with fat , it caused fatty liver even at the level of 0.5%. 4) L-Arginine at the level of 0.5% inhibited the increase in liver fat due to a choline-deficient diet. With 1.0% of this amino acid , severe fatty liver developed, and even with 0.5%, if given with fat , caused fatty liver.
5)
L-Leucine at the levels of 0.5-2.0% inhibited the increase in liver fat due to the choline-deficient diet; more than 3 .0% of it, however, produced fatty liver; and 0.5% given with fat also caused fatty liver .
6) Sodium L-glutamate at the level of 0.5% inhibited the increase in liver fat due to the choline-deficient diet , while at the level of 1.0%0, it produced fatty liver. Even at the level of 0.5% of. this amino acid , if given with fat, fatty liver developed. 7) Sodium DL-aspartate at 0.5% inhibited the increase in liver fat due to the choline-deficient diet. At the level of 2.0%, it caused fatty liver, and 0.5% of it given with fat also caused fatty liver.
(B) Experiment 11.
The effects of amino acids on the above-mentioned amino acid-fatty livers were examined when these amino acids were given at the same levels as inhibited the increase of liver fat due to the choline-deficient diet.
1)
On the L-cystine-fatty liver, all of arginine, leucine, glutamic acid and aspartic acid had lipotropic effects.
2)
On the DL-methionine-fatty liver, glycine had no effect; arginine was inhibitory ; and all of the other amino acids, including leucine, glutamic acid and aspartic acid, were enhancing.
3)
On the glycine-fatty liver, arginine had no effect; all other amino acids, leucine, glutamic acid and aspartic acid, however, had inhibitory effect .
4)
On the L-arginine-fatty liver, all of the amino acids tested were inhibitory; glycine had a weak effect, while the other amino acids , leucine, glutamic acid and aspartic acid had greater effects.
5)
On the L-leucine-fatty liver, glycine and arginine had enhancing effects , while glutamic acid and aspartic acid had lipotropic effects .
6)
On the L-glutamic acid-fatty liver , only arginine was enhancing, and all of the other amino acids, including glycine , leucine and aspartic acid were inhibitory.
7)
On the DL-aspartic acid-fatty liver, glycine , arginine and leucine were almost without effect, and only glutamic acid had a lipotropic effect . Table 3 .
(D) From the data shown in Table 3 , the following conclusions are drawn:
1) L-Cystine, DL-methionine, glycine , L-arginine, L-leucine, L-glutamic acid and DL-aspartic acid produce fatty livers when they are given at higher than certain levels and these amino acids except for cystine inhibit the increase of liver fat due to the choline-deficient diet, when they are given at lower than certain levels.
2)
An amino acid(A) which has an inhibitory effect on the fatty liver due to the second amino acid(B) may have a rather enhancing effect on the fatty liver due to the third amino acid(C).
3) The relation of an amino acid to the amino acid-fatty liver is specific in each case.
4) The effects of glutamic acid and aspartic acid on the amount of liver fat are the same in all cases.
